Introduction
============

Thyroid-associated ophthalmopathy (TAO) is an ophthalmic component of Graves\' disease, which is caused by the production of stimulating autoantibody to the thyrotropin receptor. Symptoms of TAO include not only cosmetic deficits such as lid swelling, proptosis and lid retraction, but also functional deficits, such as limited ocular movement, which result in diplopia, and even visual loss.

Although the pathogenic mechanism of TAO is not fully understood, inflammation dominates the early pathology of the disease. In the active stage, some immunocompetent cells, such as T and B lymphocytes, plasma cells and macrophages infiltrate the orbital tissues, including the orbital fat and extraocular muscles.^[@bib1],\ [@bib2]^ In addition, the mRNA levels of several proinflammatory cytokines, including interleukin (IL)-1β and interferon (IFN)-γ, are increased in the affected orbital tissues.^[@bib3],\ [@bib4]^ Orbital fibroblasts that are abundant in orbital fatty connective tissues are currently believed to be the key cells in the modulation of the immunologic process of TAO, which results in active inflammation.^[@bib5]^ When activated by IL-1β or IFN-γ, orbital fibroblasts express high levels of IL-6, prostaglandin E2 and major histocompatibility complex class II.^[@bib6],\ [@bib7],\ [@bib8]^

C-X-C motif chemokine 10 (CXCL10), also known as IFN-γ-induced protein 10 (IP-10), is a non-ELR (Glu-Leu-Arg) CXC chemokine first cloned in 1985 as a protein produced by peripheral blood mononuclear cells, fibroblasts and endothelial cells *via* induction by IFN-γ.^[@bib9]^ Expression of the IP-10/CXCL10 gene is known to be regulated by several putative transcription factors, such as NF-κB, AP-1 and signal transducer and activator of transcription (STAT), the activation of which is induced by IFN-γ through selective phosphorylation by Janus kinase.^[@bib10],\ [@bib11],\ [@bib12]^ IP-10/CXCL10 is expressed in a variety of chronic inflammatory and autoimmune disorders, including thyroid disease.^[@bib13],\ [@bib14],\ [@bib15],\ [@bib16],\ [@bib17]^ Because thyrocytes secrete IP-10/CXCL10 upon IFN-γ stimulation, which in turn recruits T~H~1 lymphocytes expressing CXCR3 and secreting IFN-γ, IP-10/CXCL10 and its receptor CXCR3 are thought to have an important role in the initiation of autoimmune thyroid disorders, and so this chemokine system could be a new therapeutic target in such diseases.^[@bib17],\ [@bib18]^ Although little is known about the relevance of IP-10/CXCL10 and TAO, IP-10/CXCL10 levels are significantly increased in the serum of patients with TAO, particularly in the active stage, and orbital fibroblasts from patients with TAO produce IP-10/CXCL10 *via* stimulation by IFN-γ.^[@bib19]^ Taken together, these findings indicate that the IP-10/CXCL10 system could be a candidate-specific therapeutic target in the pathogenesis of TAO that acts by attenuating active inflammation.

Yakuchinone B, a constituent of the seeds of *Alpinia oxyphylla*, which belongs to the ginger family (Zingiberaceae), has been commonly used in folk medicine.^[@bib20]^ According to several studies, yakuchinone B is known to have significant biological effects such as anti-inflammatory,^[@bib21]^ antitumor^[@bib22]^ and antiviral^[@bib23]^ activities. JC1 to JC5 are benzylideneacetophenone derivatives that were synthesized based on a structural modification of yakuchinone B in previous efforts to develop neuroprotective agents. These derivatives showed beneficial effects in neurodegenerative diseases, suggesting the efficacy of these compounds as therapeutic agents for particular diseases.^[@bib24]^

This study is the first to evaluate the possibility of the therapeutic application of yakuchinone B and its synthetic derivatives in the treatment of TAO. We herein demonstrate that JC3, a yakuchinone B derivative, significantly attenuates the IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts from patients with TAO and that this inhibitory effect is mediated, at least in part, by the suppression of STAT-1 activation.

Materials and methods
=====================

Cell culture
------------

Human orbital fibroblasts were cultured from orbital fatty connective tissue obtained as a surgical waste during decompression surgery for patients with TAO or during orbital surgery for a patient without TAO to resolve a noninflammatory condition, as described previously.^[@bib25]^ These activities were undertaken after informed consent was obtained from the donors according to procedures approved by the Institutional Review Board of Ajou University Hospital and following the tenets of the Declaration of Helsinki. All patients with TAO had experienced at least 6 months of inactive disease with a euthyroid condition prior to the decompression surgery. Once obtained, cells were maintained in Dulbecco\'s modified essential medium (Welgene Inc., Daegu, Korea) containing 10% (vol/vol) fetal bovine serum (HyClone, North Logan, UT, USA) and antibiotics in a humidified 5% CO~2~ incubator at 37 °C. Cells in passages three to eight were used in the present study.

Compound synthesis
------------------

The synthesis of benzylideneacetophenone derivatives was initiated as described previously.^24^ The 4-hydroxy-3-methoxy cinnamaldehyde was protected with *tert*-butyldimethylsilyl trifluoromethanesulfonate in the presence of 2,6-lutidine or 2-(trimethylsilyl) ethoxymethyl chloride (SEM--Cl)/*N*,*N*-di-isopropylethylamine to form aldehydes with 95 and 97% yields, respectively. Benzylideneacetophenone compound (JC3) was fully identified by infrared and NMR spectroscopy, including high-resolution mass spectroscopy. In addition, dimers (JC3-D) and trimers (JC3-T) of JC3 were constructed to evaluate the efficacy of polystructures of JC3 ([Figure 1](#fig1){ref-type="fig"}).

Enzyme-linked immunosorbent assay (ELISA)
-----------------------------------------

IP-10/CXCL10 protein levels were measured in culture supernatants of orbital fibroblasts seeded in six-well culture plates at a final concentration of 5 × 10^4^ per well. After stabilization for 16 h, cells were treated with stimulatory factors, including IFN-γ (ProSpec, Rehovot, Israel), lipopolysaccharides (LPS) (Sigma-Aldrich Co., St Louis, MO, USA), IL-1β (BioSource, Camarillo, CA, USA) and H~2~O~2~ (Sigma-Aldrich Co.). In some experiments, cells were co-treated by adding the benzylideneacetophenone compound, as described. After treatment for 24 h, supernatant IP-10/CXCL10 concentrations were determined by a sandwich ELISA method with human IP-10 BD OptEIA (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer\'s instructions. Briefly, 96-well plates were precoated overnight at room temperature with a capture antibody. After three washes, plates were blocked with phosphate-buffered saline (pH 7.4) containing 5% (wt/vol) skim milk (BD Biosciences) followed by incubation with a detection antibody. After washing, the plates were incubated with horseradish peroxidase-conjugated secondary antibody for 1 h and then incubated with the BD OptEIA TMB substrate reagent set (BD Bioscience) (reagent A: substrate, H~2~O~2~ and reagent B: tetramethylbenzidine) for 30 min. Absorbance was measured spectrophotometrically at 540 nm using a microplate reader. The concentration of IP-10/CXCL10 in each sample was determined by referencing a standard curve generated using known amounts of IP-10/CXCL10.

Reverse transcription-PCR (RT--PCR)
-----------------------------------

Total cellular RNA was isolated from a confluent monolayer of cells using easy-BLUE (iNtRON Biotechnology, Seongnam, Korea) according to the manufacturer\'s protocol. cDNA was synthesized from 1 μg of total RNA with reverse transcription, and PCR was performed using 3 μl of cDNA. The primer sequences were as follows. Human IP-10: forward, 5′-GTA CCT CTC TCT AGA ACC GTA CG-3′ and reverse, 5′-CCT TTA CAG ATT TTC TAG AG-3′ GAPDH: forward, 5′-GTC AGT GGT GGA CCT GAC CT-3′ and reverse, 5′-TGT GAG GAG GGG A GA TTC AG-3′. mRNA expression values were normalized to GAPDH mRNA levels for each experimental condition.

Cytotoxicity assay
------------------

Cell growth and death were assessed using WST-8-\[2-(2-methoxy-4-nitrophenyl)-5-(2,4-disulfophenyl)-2 H-tetrazolium monosodium salt\] (Cell Counting Kit 8 (CCK-8); Dojindo Molecular Technology Inc., Kumamoto, Japan). Orbital fibroblasts (1 × 10^4^) were seeded into 24-well culture plates and co-treated with IFN-γ and benzylideneacetophenone compound at 5, 10 and 20 μ[M]{.smallcaps}. Following 24 h of treatment, CCK-8 solution (1/10 vol/vol in serum-free media) was added to each well, and the plates were incubated for 3 h at 37 °C. Finally, absorbance at 450 nm was determined using a microplate reader.

Electrophoretic mobility shift analysis (EMSA)
----------------------------------------------

EMSA was performed with 1 μg of nuclear extracts as described previously.^[@bib11]^ Nuclear extracts from orbital fibroblasts treated with IFN-γ in the presence or absence of the benzylideneacetophenone compound JC3 for 30 min were incubated with either the consensus NF-κB sequence (forward, 5′-AGTTGAGGGACTTTCCCAGGC-3′ and reverse, 5′-TCCTGGGAAAGTCCCCTCAACT-3′) or the STAT-1 sequence (SC-2573; Santa Cruz Biotechnology, Santa Cruz, CA, USA), which was end-labeled with \[^32^P\]ATP. For competition and supershift experiments, a 100-molar excess of unlabeled oligonucleotide or 1 μg of anti-STAT-1, -p50 or -p65 antibodies was added to the nuclear extracts for 30 min before addition of the labeled probe. Bound and free DNA were then resolved by electrophoresis in a 6% polyacrylamide gel and exposed for autoradiography.

Statistical analysis
--------------------

Statistical analyses were performed using Student\'s *t*-test for comparisons between sample groups, and analysis of variance was used to determine the differences among multiple groups. The SPSS 15.0 software (SPSS Inc., Chicago, IL, USA) was used for analysis, and the statistical significance of differences was set at *P*\<0.05.

Results
=======

IFN-γ strongly induces IP-10/CXCL10 in orbital fibroblasts
----------------------------------------------------------

Serum levels of IP-10/CXCL10 are increased in patients with TAO, particularly in the active stage of the disease, and orbital fibroblasts can produce IP-10/CXCL10.^[@bib19]^ Thus, we initially examined the effects of IFN-γ as well as LPS, IL-1β and H~2~O~2~, which are known as inflammatory stimulants, on IP-10/CXCL10 levels in human orbital fibroblasts from patients with TAO and a subject without TAO. Cells were treated with each stimulant (IFN-γ at 10 ng ml^−1^, LPS at 100 ng ml^−1^ and IL-1β at 10 ng ml^−1^) for 24 h and H~2~O~2~ at 100 μ[M]{.smallcaps} for 30 min. IP-10/CXCL10 protein levels in culture supernatants were then determined by ELISA as described in the Materials and Methods section. In response to IFN-γ, the IP-10/CXCL10 protein level had most strikingly increased in cells from the patients with TAO (*n*=2) and the subject without TAO (*n*=1). IL-1β also significantly increased the level of IP-10/CXCL10 expression, but to a notably lesser degree than did IFN-γ. When treated with LPS, one TAO cell strain did not show an increase in IP-10/CXCL10 protein ([Figure 2](#fig2){ref-type="fig"}).

Yakuchinone B and JC3 attenuate IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts without influencing cell viability
-------------------------------------------------------------------------------------------------------------------------------

To examine the effects of the JC3, benzylideneacetophenone compound modified from yakuchinone B ([Figure 1](#fig1){ref-type="fig"}), on IFN-γ-induced IP-10/CXCL10 expression, orbital fibroblasts from patients with TAO were pretreated with incremental doses of JC3 for 30 min and then stimulated with IFN-γ (10 ng ml^−1^) for 24 h. JC3 showed dose-dependent inhibition of IFN-γ-induced IP-10/CXCL10 protein expression, and a significant reduction was observed at a dose of 10 μ[M]{.smallcaps} in orbital fibroblasts from patients with TAO and at doses of 5 and 10 μ[M]{.smallcaps} in the subject without TAO. At 20 μ[M]{.smallcaps} of JC3, the value of IP-10/CXCL10 protein was below the limit of detection of the assay in all cell strains ([Figure 3a](#fig3){ref-type="fig"}). Although 10 μ[M]{.smallcaps} yakuchinone B effectively suppressed IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts from patients with TAO, the same dose of JC3 showed stronger potency in attenuating the IFN-γ-induced IP-10/CXCL10 increase than did yakuchinone B ([Figure 3b](#fig3){ref-type="fig"}). To determine whether JC3 influences the viability of orbital fibroblasts from patients with TAO, a CCK-8 assay was performed to assess the toxicity of the JC3 compound. As shown in [Figure 3c](#fig3){ref-type="fig"}, the viability of primary orbital fibroblasts was not affected by 24-h incubation with JC3 compound at a concentration of up to 20 μ[M]{.smallcaps}.

Polystructure-dependent potency of JC3 in attenuating IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts from patients with TAO
-----------------------------------------------------------------------------------------------------------------------------------------

Orbital fibroblasts from patients with TAO were incubated with incremental doses of JC3-D (0.1--10 μ[M]{.smallcaps}) or JC3-T (0.1--10 μ[M]{.smallcaps}) for 30 min followed by treatment with IFN-γ (10 ng ml^−1^) for 24 h. After treatment, the IP-10/CXCL10 level in the supernatant was measured by ELISA. As shown in [Figures 4a and b](#fig4){ref-type="fig"}, the inhibitory effect of JC3 polystructures on the IFN-γ-induced IP-10/CXCL10 increase reached a significant level at 1 μ[M]{.smallcaps} dimers and 0.1 μ[M]{.smallcaps} trimers, respectively. The IFN-γ-induced increase in IP-10/CXCL10 was reduced by 10 μ[M]{.smallcaps} JC3 monomer (50% reduction compared with IFN-γ-induced levels), and IFN-γ-mediated IP-10/CXCL10 protein levels were below the limit of detection with the same concentrations of dimers and trimers ([Figure 4c](#fig4){ref-type="fig"}). These results demonstrate that polystructures of JC3 exhibit stronger inhibitory effects on IP-10/CXCL10 expression in the orbital fibroblasts from patients with TAO.

JC3 attenuates IFN-γ-induced IP-10/CXCL10 transcription in orbital fibroblasts of patients with TAO
---------------------------------------------------------------------------------------------------

To determine whether JC3 affects expression at the transcriptional level, orbital fibroblasts from patients with TAO were treated with IFN-γ (10 ng ml^−1^) in the presence or absence of JC3 (10 μ[M]{.smallcaps}) for 24 h, and RNA was then extracted and subjected to RT--PCR. IFN-γ increased the mRNA transcription of IP-10/CXCL10, and JC3 drastically suppressed the IFN-γ-induced increase in the IP-10/CXCL10 mRNA level ([Figure 5](#fig5){ref-type="fig"}). JC3 alone also showed suppression of the IP-10/CXCL10 mRNA level. The expression level of GAPDH was not affected by either JC3 or IFN-γ treatment.

JC3 inhibits DNA binding of STAT-1 in orbital fibroblasts of patients with TAO
------------------------------------------------------------------------------

Expression of the IP-10/CXCL10 gene is regulated by several transcription factors, such as NF-κB, AP-1 and STAT-1, the activation of which is induced by IFN-γ. To investigate the inhibitory mechanism of JC3 on IP-10/CXCL10 transcription, the effect of JC3 on IFN-γ-induced DNA binding of STAT-1 and NF-κB was examined. EMSA was performed using nuclear extracts from TAO orbital fibroblasts stimulated with IFN-γ (10 ng ml^−1^) in the absence or presence of JC3 (10 μ[M]{.smallcaps}) for 30 min. As shown in [Figure 6a](#fig6){ref-type="fig"}, the DNA binding activity of STAT-1 had increased markedly in response to IFN-γ (lane 4), and JC3 attenuated the increase (lane 5). As shown in [Figure 6b](#fig6){ref-type="fig"}, a remarkable amount of DNA-bound NF-κB was found in the untreated control (lane 2). IFN-γ slightly enhanced the DNA binding of NF-κB (lane 4), but JC3 did not show an inhibitory effect (lane 5). The specific band was selectively inhibited by a specific STAT-1 competitor and supershifted by an anti-STAT-1 antibody. In the case of NF-κB, DNA binding was diminished by an NF-κB competitor and supershifted by an anti-p-65, but not anti-p-50 antibody.

Discussion
==========

Results from this study showed that JC3, a benzylideneacetophenone compound modified from yakuchinone B, exerted a strong inhibitory effect on IFN-γ-induced expression of IP-10/CXCL10 at both the protein and mRNA level, without affecting the viability of orbital fibroblasts derived from patients with TAO. JC3 also attenuated the IFN-γ-induced binding of STAT-1 to DNA in these cells. These results suggest that JC3 suppresses IFN-γ-induced IP-10/CXCL10 expression by attenuating the STAT-1 signal transduction pathway in TAO orbital fibroblasts.

TAO is a component of Graves\' disease, but no direct correlation between TAO and aberrant thyroid hormone levels has been found.^[@bib5]^ Although the pathogenic mechanism of TAO has not been fully elucidated, it is commonly accepted that orbital fibroblasts have a key role in TAO development by modulating immune reactions that result in the active inflammation of orbital tissues. Unlike fibroblasts elsewhere in the human body, orbital fibroblasts display surface expression of CD40. They also express several inflammatory cytokines, including IL-6, IL-8 and macrophage chemoattractant protein-1, and show an exaggerated response to several proinflammatory cytokines including IFN-γ.^[@bib26],\ [@bib27]^ In addition, several inflammatory cytokines/chemokines, such as IP-10/CXCL10, are thought to have a major role in the pathogenesis of TAO.^[@bib28]^ The observed increase of IP-10/CXCL10 was also more pronounced in the early phase of TAO with active inflammation as compared with the late phase. These results showing increased levels of IP-10/CXCL10 induced by IFN-γ in orbital fibroblasts from TAO patients are in agreement with a previous report of T~H~1 cytokine involvement in both Graves\' disease and TAO.^[@bib29]^

With respect to treatment, effective attenuation of early inflammation in the active stage of TAO is important for controlling its progression, because the severity of early phase inflammation influences the extent of fibrotic changes in the late phase, which can result in irreversible deficits.^[@bib30]^ Although corticosteroids have been utilized as first-line drugs for patients in the active stage of TAO owing to their strong immunosuppressive effects, serious side effects have limited their clinical application.^[@bib28]^ Therefore, efforts have focused on the search for novel targeted anti-inflammatory drugs that are associated with fewer adverse events.

Yakuchinone B is a constituent of seeds from *A. oxyphylla*, a member of the ginger family (Zingiberaceae) commonly used in folk medicine. It shows a variety of biological effects including anti-inflammatory activity,^[@bib20]^ as demonstrated by its strong inhibitory effect on prostaglandin biosynthesis *in vitro.*^[@bib31]^ Like curcumin, yakuchinone B has a diarylheptanoid moiety with a carbonyl functional group that is known to possess strong anti-oxidative and anti-inflammatory activities.^[@bib32]^ One author of the current study (S. Oh) previously designed and synthesized novel benzylideneacetophenone derivatives (JC1 to JC5) on the basis of the structure of yakuchinone B, and showed that they exert a protective effect on brain ischemia both *in vitro* and *in vivo*.^[@bib33]^ In the present investigation, all compounds synthesized in this series (JC1 to JC5) showed considerable suppression of IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts (data not shown). JC3, however, showed the greatest inhibitory effect, suppressing IFN-γ-induced IP-10/CXCL10 expression to a greater extent than yakuchinone B ([Figure 3b](#fig3){ref-type="fig"}). The greater efficacy of JC3 is likely related to its structural characteristics; it is inherently stable due to electron delocalization, and likely engages in hydrogen bonding with its receptor-binding site (the benzylideneacetophenone derivative) to exert its potent inhibitory effect. Polystructures of JC3 compounds (JC3 dimer and JC3 trimer) also suppressed IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts with greater potency than JC3 monomers, suggesting that the structure of JC3 is critical for suppression of IFN-γ-induced IP-10/CXCL10 expression.

In a previous report, JC3 exerted a number of effects in activated microglia through suppression of the Janus kinase/STAT and MAPK signaling pathways. These include modulation of LPS-induced NO generation, iNOS gene expression, proinflammatory cytokine expression and reactive oxygen species generation.^[@bib34]^ In orbital fibroblasts from patients with TAO, JC3 inhibited IFN-γ-induced IP-10/CXCL10 expression, primarily through suppression of STAT-1 pathways ([Figure 6a](#fig6){ref-type="fig"}). Expression of the IP-10/CXCL10 gene is regulated by several putative transcription factors, including NF-κB and STAT-1 (the activation of which is induced by IFN-γ). DNA binding of NF-κB in IFN-γ-stimulated TAO orbital fibroblasts was not affected by JC3 in our system, suggesting that the major target of JC3 in IFN-γ-induced IP-10/CXCL10 expression is the STAT-1-mediated pathway. However, the inhibitory effect of JC3 on STAT-1 activity was relatively incomplete. This suggests the existence of other pharmacological activities of JC3 for attenuating IFN-γ-induced IP-10/CXCL10 production in orbital fibroblasts, in addition to the STAT-1-dependent mechanism. In cell types other than orbital fibroblasts, C/EBP-β and AP-1 are also involved in IFN-γ-induced IP-10/CXCL10 expression.^[@bib35]^ Therefore, it will be interesting to examine the effect of JC3 on these transcription factors.

In our system, we performed the experiment using primary cells from patients with TAO. Unfortunately, the current lack of an effective animal model displaying the known characteristics of TAO represents a fundamental limitation in this field of research. A number of studies have examined the cellular characteristics of orbital fibroblasts cultured from primary cells obtained in TAO patients,^[@bib36],\ [@bib37],\ [@bib38]^ but results from these *in vitro* studies should be interpreted with caution when applied toward any clinical investigation. However, our experimental model using a primary cell culture system could be a preliminary step for investigating the cellular effects of potential therapies to be developed for the treatment of TAO disease. Although we could not include *in vivo* experiments in this study, one author of this study (S. Oh) previously showed the anti-inflammatory and neuroprotective effects of JC3 *in vivo* using a mouse model of Parkinson\'s disease.^[@bib33],\ [@bib34]^ In those studies, 10--30 μ[M]{.smallcaps} JC3 was effective in *in vitro* experiments, whereas mice tolerated JC3 at 10 mg kg^−1^, administered at 24-h intervals for three consecutive days, or a single administration of JC3 (30 mg kg^−1^).^[@bib33],\ [@bib34]^ In our present study, we showed that the IFN-γ-induced increases in IP-10/CXCL10 expression were reduced using 10 μ[M]{.smallcaps} JC3 monomer, 1 μ[M]{.smallcaps} dimer and 0.1 μ[M]{.smallcaps} trimer, those are comparable to doses used previously.^[@bib33],\ [@bib34]^ However, to evaluate the anti-inflammatory activity of JC3 monomer or polymer *in vivo*, further research and preclinical studies are necessary to ensure the safety of JC3 treatment, and to determine the optimum dose of JC3 for the treatment of TAO.

In summary, our results provide initial evidence that JC3 effectively reduces protein and mRNA expression of IP-10/CXCL10 induced by IFN-γ in orbital fibroblasts cultured from TAO patients. Owing to its ability to modulate pathogenic mechanisms in orbital fibroblasts, JC3 should be considered as a potential candidate for clinical evaluation in the treatment of TAO.
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![Structures of yakuchinone B; JC3, which was synthesized based on a structural modification of yakuchinone B; and constructed polystructures of JC3 (JC3 dimer and JC3 trimer).](emm201426f1){#fig1}

![IFN-γ increases IP-10/CXCL10 levels in orbital fibroblasts. Primary cultures of orbital fibroblasts (5 × 10^4^) of patients with TAO (*n*=2) and a subject without TAO (*n*=1) were incubated with IFN-γ (10 ng ml^−1^), LPS (100 ng ml^−1^) and IL-1β (10 ng ml^−1^) for 24 h and H~2~O~2~ (100 μ[M]{.smallcaps}) for 30 min. After treatment, supernatants were collected and IP-10/CXCL10 protein levels in each culture supernatant were measured by ELISA. Data are presented as the fold increases in relative IP-10/CXCL10 levels from orbital fibroblasts compared with each control. The graph shows the mean±s.d. of three independent replicates *(\*P*\<0.05 vs each untreated control).](emm201426f2){#fig2}

![The IFN-γ-induced IP-10/CXCL10 level was attenuated by the benzylideneacetophenone derivative compound, JC3, in a dose-dependent manner without an influence on the viability of orbital fibroblasts from patients with TAO. (**a**) TAO and non-TAO cells were pretreated with JC3 at 5, 10 and 20 μ[M]{.smallcaps} for 30 min and then treated with IFN-γ (10 ng ml^−1^) for 24 h; the supernatant was then collected to measure IP-10/CXCL10 protein by ELISA. The IP-10/CXCL10 expression level in IFN-γ-treated group was arbitrarily assigned a value of 100, and the data are presented as percentage reductions (*\*P*\<0.05 vs each IFN-γ group; BD, below detection limit). (**b**) TAO cells were pretreated with either yakuchinone B or JC3 at 10 μ[M]{.smallcaps} for 30 min. Following treatment with IFN-γ (10 ng ml^−1^) for 24 h, IP-10/CXCL10 production was measured and analyzed as described in A (\**P*\<0.05 vs each IFN-γ-treated group; \*\**P*\<0.05 in JC3-treated group vs yakuchinone B-treated group). (**c**) Orbital fibroblasts of patients with TAO patients were treated with IFN-γ (10 ng ml^−1^) in the presence or absence of 5, 10 of 20 μ[M]{.smallcaps} JC3 for 24 h. After treatment, cell viability was evaluated as described in the Materials and Methods section. Results are expressed as mean±s.d. in relative O.D. units (compared with control); normalized values are shown.](emm201426f3){#fig3}

![Polystructures of JC3 reveal an enhanced inhibitory effect of IFN-γ-induced IP-10/CXCL10 expression in orbital fibroblasts from patients with TAO patients. (**a**, **b**) Orbital fibroblasts from patients with TAO were treated with IFN-γ (10 ng ml^−1^) in the presence of incremental doses of JC3 dimer (JC3-D, 0.1--10 μ[M]{.smallcaps}) or JC3 trimer (JC3-T, 0.1--10 μ[M]{.smallcaps}) as described in [Figure 3](#fig3){ref-type="fig"}. At the end of incubation, the supernatant was collected and analyzed by ELISA. (**c**) Cells were pretreated with 10 μ[M]{.smallcaps} of JC3, JC3-D, or JC3-T, and the IP-10/CXCL10 level was assessed by ELISA. The IP-10/CXCL10 expression level of the IFN-γ-treated group was arbitrarily assigned a value of 100, and data are presented as percentage reductions (\**P*\<0.05 vs IFN-γ-treated group; BD, below detection limit).](emm201426f4){#fig4}

![JC3 reduced IFN-γ-induced IP-10/CXCL10 mRNA expression in TAO orbital fibroblasts. Total RNA was extracted after 24 h of IFN-γ (10 ng ml^−1^) treatment in the presence or absence of JC3. IP-10/CXCL10 mRNA levels were analyzed by RT--PCR. The control level of IP-10/CXCL10 expression was arbitrarily assigned a value of 1. Data are means of three independent experiments. \**P*\<0.05 and \*\**P*\<0.05 compared with the untreated control and IFN-γ-treated group, respectively.](emm201426f5){#fig5}

![JC3 inhibited DNA binding of STAT-1, but not NFκB, in IFN-γ-stimulated TAO orbital fibroblasts. Cells were treated with IFN-γ (10 ng ml^−1^) in the presence or absence of JC3 (10 μ[M]{.smallcaps}) for 30 min, and nuclear extracts were prepared and analyzed by EMSA as described in the Materials and Methods section. The levels of (**a**) STAT-1 DNA binding and (**b**) p50/p65 NF-κB DNA binding were evaluated by EMSA. A cold probe was used for competition control. Data shown are representative of at least three independent experiments.](emm201426f6){#fig6}
